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This research has been carried out to determine whether 
a grafted poly(ethylene-vinyl acetate) matrix could be prepared 
which would release useful amounts of copper salts when used in 
intra-uterine devices. 

Intra-uterine devices were prepared by grafting hydroxy-
ethyl acrylate onto ethylene-vinylacetate copolymers (EVA). 

The kinetics of the grafting reaction were studied. The 
grafting reaction was initiated by cobalt 60 gamma rays usingthe 
simultaneous method. 

The conditions of copper salts absorption by the. grafted 
copolymers were selected. 

The average quantity of copper salts released daily front 
the intra-uterine device was measured as a function of grafting rat: 
and the amount of copper salt initially incorporated in the grafted 
polymeric matrix. 

. . . . 
In vitTo experiments samples showed constant release rates 

during a period of 18 months. 
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1. INTRODUCTION 
Research on the synthesis of copolymers suitable for the 

storage and slow release of copper salts were carried out with a 
commercial ethylene - vinyl acetate copolymer (EVA). The hydropho
bic copolymer was grafted under cobalt sixty gamma rays by the 
simultaneous method with hydrophilic monomers such as hydroxy ethyl . 
aerylate. Such radiation graft copolymer!zation is a useful techni
que to graft hydrogels to polymer supports (1,2,3). 

The hydrophilic grafted copolymer made can be expanded 
by aqueous solution (1) and the release rate is observed to be cons
tant over a long period of experimentation. Intra uterine devices 
were also made with this type of copolymer. 

Various attempts to impregnate devices like the T intra
uterine device with metallic copper (5) or copper salts such as cop
per carbonate or copper sulfate have been described in the litera
ture. But these have thus far not been successful because the 
copper is not release from polyethylene and therefore has-no effect. 

ri 

2. HOPE OF ACTIO!) 
The contraceptive effect of copper apparently results 

from the release of copper ions into the uterine cavity where they 
influence various biological* reactions. These reactions are limited 
to local changes in the intra-uterine environment and little or 
no copper is found elsewhere in the organism (6). 
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With IUD*s containing copper wire» HAGENFELDT determined 
that during the first year» the average daily release of copper was 
about *S micrograms (7). The rate of release of copper» with copper 
wire twisted around the plastic intra-uterihe devices» however» 
decreased as a function of tiae. 

6IB0R and his co-workers (6,0) estimated that immediately 
after insertion» a single copper seven device released on the avera£ 
55.5 micrograms of copper per day» but after 12 months» the device 
released 33 micrograms per day» and at 18 eighteen months, only 
11.6 micrograms per day. 

In**vitro experiments have shown» however» that with the 
grafted EVA copolymer IUD the release'rate of the absorbed copper 
.salt is more constant over the eighteen month period. In this paper 
we will.present data from preliminary experiments. 

3. MATERIALS AND METHODS 
Grafting under cobalt sixty gamma rays was carried out in 

the following conditions : intra-uterine devices 'IUD) made with 
ethylene vinylacetate copolymers by injection were introduced into 
glass tubes containing a monomer solution, and then degassed twice 
.by a vacuum line. Copper acetate (2%) was introduced in the solutic: 
to inhibit the homopolyuterization of the monomer. 

The sealed tubes were heated to *i0oC in a thermostatic 
bath-and irradiated in this condition. After irradiation» the graf
ted IUD samples were washed in distilled water for two hours at 
room temperature and then dried at sixty degrees centigrade to 
determine the graft copolymer weight. Afterwards, the grafted IUD 1s 
were soaked in a concentrated copper nitrate solution at 60°C. The 
amount of copper salt stored in the IUD's was then determined as a 
function of time by weighing the samples. 
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*.' EXPERIMENTAL. RESULTS 

*. 1. Effect_of.dose^on^the^grafting.ratio^and^crosslinking 
The samples were irradiated in a hydroxy ethyl acrylate 

(HEA) and polyethylene glycol diacrylate (PE6DIA) solution with a 
polyfunctional monomer-vinyl monomer ratio of 1/4. The dose rate 
was 0.2 Mrad/hour, 
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The grafting ratio as a function of dose is shown on the 
Figure 1. It can be seen that grafting ratio increases with increasi: 
dose. Probably» the reaction kinetics are controlled by the diffusic: 
of the monomers in the EVA copolymer. We observe that 21% of the 
grafting is obtained at 3.1 Mrad dose. 

4.2. §££eçt_o£ the.p^lyfunctignal.monww^yinyl.monomer 
ratio ( £££-) 
The grafting kinetics are a function of the poly functional 

sr-vinyl monomer ratio and also of the chemical type of the 
polyunsaturated monomers» for example : Diethylene glycol diacrylate 
(DIE6DIA) and tetraethylene glycol diacrylate (TE6DIA). 

A plot of grafting ratio versus dose is shown in Figure 2. 
It is (apparent that» for a given dose» the grafting ratio is higher _^ 
with diethylene glycol diacrylate than with tetraethylene glycol 
diacrylate. With these two polyunsaturated monomers » the grafting 
ratio is influenced very little by the polyfunctional monomer*-vinyl 
monomer ratio» in the limit of our experiments. 

i • '•' 

4.3. Effect of dose rate 
Dose rate is an important parameter in the grafting kine

tics which can be taken into account. The percent of grafting is 
plotted against the dosé for various dose rates in Figure 3. 

• As expected, for a given dose the grafting ratio decreases 
with the increasing dose rate. A high grafting ratio equal to 50% 
however» can be reached for a radiation dose of 1.8 Mrad and a dose 
rate of O.0>»5 Mrad/hour in the aqueous hydroxy ethyl aery late solu
tion without a polyunsaturated monomer. If we compare this grafting 
ratio to that obtained in a solution containing a poly-monomer under 
the same irradiation conditions (see Figure 2), it is apparent that 
the addition of a polyfunctional monomer decreases the grafting levé! 
These data suggest that when the hydrogel region is becoming cross-
linked» the diffusion rate of hydroxyethyl aerylate slows down. 

these factors influence the structure of the grafted poly
mer» and subsequently affect ihe absorption characteristics. Indeed, 
the amount of copper salt which can be absorbed in the grafted IUD is 
a function of the grafting ratio» and increases with the percent of 
polyhydroxy ethyl aerylate grafting. 

• « » / » » » 
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The amount of copper salt which can be included 

in the cross linked hydrophilic enclosure of the grafted IUD is a 
function of the grafting ratio and also of the polyinsaturated 
monomerconcentration of the aqueous solution. Figure t shows the 
curves of copper salt amount absorbed as a function of the time of 
soaking. The grafting ratio is approximately the same (21% and 22.6% 
for two different polyfunctional monomers, vinyl monomer ratio 1/1, 
and 1/(2.3). The polyfunctional monomer is polyethylene glycol diacr 
late (PEGDIA) while the vinyl monomer is hydroxylethyl «crylate (HEA 

The dose rate was 0.135 Krad/hour. Note that a surprising 
effect Is observed : a higher absorbance ratio of copper salt is 
obtained with the monomer solution in which the polyethylene glycol 
diacrylate is more concentrated. 

* The amount of copper salt Incorporated in the grafted 
polymeric matrix reachs a plateau value of 25% for 1 > E ^ A * 1A2.3 ). 
and 20% for PEgg][A - 1A. 

This amount corresponds, respectively to 31 and 29 milli-
grams of copper In each IUD. 

The effect of time on percent copper salt absorption is 
shown in Figure 5 for a HEA monomer grafted without polyunsaturated 
monomer at a grafting level of 22.5%. 

It can be seen that only 10% of the copper salt is absor
bed by the grafted EVA copolymer. It is apparent that addition of 
PE6DIA permits attainment of much higher copper levels either as the 
polyunsaturated monomer increases pv as time of soaking increases. 

Examination of Figure 6 shows that copper salt absorption 
in a grafted polymeric matrix, for a given grafting ratio (21%), is 
a function of dose rate. 

Increasing the dose rate leads to a marked increase of 
copper salt content in grafted IUD's for a polyethylene glycol diacr: 
late-hydroxyethyl aerylate ratio equal to 1/f, which suggests that 
the structure of the crosslinked hydrophilic regions are modified by 
the effect of'dose. 



For a higher PEGDIA - HEA ratio (1/2.3), however, the 
effect of dose rate on the absorption of copper salt is almost negli 
geable, as shown by the curves in Figure 7. These effects of dose 
rate are not yet fully explained. 

S. RELEASE RATE OF THE COPPER SALT 
In-vitro experiments have been carried out in a continuous 

flow aystem that was Maintained at 37°C and used for the "in-vitro" 
release investigation. An isotonic nedia of 0.9% sodium chloride 
solution was passed through the glass system containing the grafted 
HID at a rate of *00 ml per 21 hours. The eluant solution was rénove 
periodically for determination of copper content by an UV spectro-
photdmetric method utilizing a copper-dithixone complex. _ 

The average amount of copper salt released daily from the 
intra uterine device was measured as a function of the grafting rati 
and the amount of copper salt initially incorporated in the grafted f| 
polymeric matrix. | 

Figure -8 and 9 show the release rate of copper nitrate in 
an "in-vitro" experiment performed at 37°C, for a grafted IUD _̂ J 
(21.81) containing m.25 milligrams of copper. It can be seen that 
the copper release rate decreases very slowly during 2 months and 
reaches, within the limit of experimental error, a constant value of 
20 micrograms per day during the following 16 months. A plot of 
copper amount released against time is shown in Figure 10, for in-
vitro experiments which were carried out at H5°C. The release rate 
decreases more rapidly than at 37°C during the first month, while 
for the following 16 months the rate is stabilized at 30 micrograms 
per day. We can conclude that the release rate of copper salt increa 
ses with the increasing temperature. 

CONCLUSION 
Poly hydroxyethylacrylate hydrogels have been covalently 

bonded onto ethylene vinyl acetate copolymers using a radiation -
grafting technique. The critical parameters controlling the copper 
•alt amount absorbed and the release rate ara the grafting solution 
composition, absorbed radiation dose and dose rate. 

• • # / » # » 



Present in-vitro experiments involving IUD*s showed 
constant release rates during a period of It Months and we expect t: 
increase this to 2 years. 

This study is being continued on a pilot scale. 

•**/»*» 
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Fig.1 Influence of the dose on the rate of grafting and cross linking 
hydroxy ethyl acrytate and polyethylene glycol diacrylate onto EVA 
copolymer ÎUD with cobalt 60 gamma rays irradiation 
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Fig. 2 Influence of the dose on the rate of grafting and crosslinking 
onto EVA copolymer IUD with cobalt 60 gamma rays irradiation 
for different : FFM 
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Fig. 3 Influence of the dose on the rate of direct grafting of hydroxy ethyl acrylat* 
onto EVA copolymere IUD with cobalt 60 gamma rays irradiation at different 
dose rates 



tnofW.wb) 
Wo 

copper « I t 

+ 21 •/• grafto* IUO with £ S 2 U â . JL 

0 22jBVt«reftodluD with PEGOIA, 1 

Oost rato • Q.135Mrad/h H E A " 

Inhibitor : Copptr nitratt • copptr powdtr 

x 
60 70 80 90 hours 
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Fig. 5 Coppor salt amount In HEA grafted IUD as a function of immersion timo 

• ' 1 



90 hours 

Fig. 6 .Copper salt amount in grafted crossl inked IUD as a function of immersion 
time. Influe nee of the dose rate 
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Fig: 7. Copper salt amount in grafted crosslinked IUO as a function of immersion 
time.Influence of the dose rate 
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Figure 81 IUDn<>31 
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